1 Introduction
==============

Since a long time, non-interventional studies (NIS; e.g. registries) have been making valuable contributions to medical research, especially in Germany. These studies are on a high scientific, methodological and organisational level and therefore require accompanying quality assurance measures.

Basic principles for this kind of research are laid down in guidelines and recommendations for assurance of good epidemiological practice (GEP) \[[@R1]\] and other additional international guidelines \[[@R2]\], \[[@R3]\], \[[@R4]\]. The aim of GEP is to establish a quality standard for epidemiological research. The guidelines contain partially detailed recommendations regarding the topics ethic, research questions (e.g. a priori defined hypothesis), study plan, biological sample databases, quality assurance, data storing and data documentation, analysis, data protection, contractual provisions and interpretation of research results. Measures for quality assurance are treated relatively unspecific.

According to the EU Directive 2001/20/EG article 2c, non-interventional studies, in contrast to clinical trials, were described as "studies where the medicinal products are prescribed in the usual manner in accordance with the terms of the marketing authorisation. The assignment of the patient to a particular therapeutic strategy is not decided in advance by a trial protocol but falls within current practice and the prescription of the medicine is clearly separated from the decision to include the patient in the study." \[[@R5]\]

According to § 4 (23) German Drug Law, non-interventional studies are studies where "findings from the treatment of persons with drugs according to the terms of the marketing authorisation are analysed with epidemiological methods; thereby treatment, including diagnosis and control, does not follow any predefined study plan but only the medical practice." \[[@R6]\]

In summary, non-interventional studies (non-GCP studies) fulfil the following criteria:

The collected data will be analysed with epidemiological methods.The diagnostic methods and other observational procedures are according to medical practice. There are no other diagnostic methods disposed.The patient is treated within the current practice. There are no rules for the physician for how to treat the patients.Only marketed and commercial drugs or medical devices are used according to the information stated in the approval.

Types of non-interventional studies are:

case-control-studiesregistriescohort-studies (especially "Anwendungsbeobachtungen" = AWB = post authorisation observational product studies)

Cohort-studies include surveys to compare different therapies.

The Federal Institute for Drugs and Medical Devices (BfArM) together with the Paul Ehrlich Institute (PEI) had developed recommendations (draft) for planning, conducting and analysing non-interventional studies, especially for AWB \[[@R7]\]. Furthermore, the German Association of Research-Based Pharmaceutical Companies (VFA) has published recommendations for improving the quality and transparency of non-interventional studies (NIS) in January 2007 \[[@R8]\]. In these recommendations the following quality criteria for planning, conducting and analysing NIS are mentioned:

advice from federal state law established Ethics Committeeswritten patient information and informed consentinformation about (planned) NIS in public accessible registriespublication of a summary of the results within one year after completion of NISdevelopment of standard operating procedures with description of:processes for planning, conducting and analysismeasures for quality assurance, especially for representativeness and validation of the data raised

The **aim of quality assurance** is to make valid, scientific statements based on the results in NIS, meaning to avoid possible bias of results by using an appropriate study design and an adequate data analysis, assure authenticity, completeness and validity of the data and to identify and resolve deficiencies at an early stage \[[@R9]\].

Laws \[[@R6]\], guidelines \[[@R5]\], \[[@R10]\] and recommendations \[[@R7]\], \[[@R8]\], \[[@R11]\] relating to NIS are very helpful to implement quality assurance measures.

Within this paper, possibilities shall be identified which measures of quality assurance in AWB or other NIS like registries can be used without compromising the character of non-intervention.

2 Measures of quality assurance at different stages of NIS
==========================================================

The quality of a NIS includes the requirements on scientific/professional qualification as well as the personal, technical and spatial equipment of persons/sites involved in the NIS (quality of structure). Quality includes the requirements on the processes during planning, conducting, analysis and report writing, publication and archiving (quality of processes) and quality includes the requirements on the quality of the data and methods for analysing the data (quality of results).

2.1 Measures in the planning phase
----------------------------------

In contrast to clinical trials, it is strongly recommended when planning a NIS to preserve the aspect of non-intervention for all planned measures \[[@R12]\].

Quality assurance is guaranteed by the description of the contents and the responsible persons. Form and scale of quality assurance is orientated on the timely, organisational, technical and financial basic conditions set in the study concept. The following measures are to be considered:

### 2.1.1 Study plan

Essential for the quality of the NIS is the development of a mainly standardised study plan. NIS require specifications in advance but no details for intervention are allowed to be defined. The following statements shall be covered in the study plan \[[@R7]\]:

Formulation of one (or more) precise questions and working hypotheses,justification of the sample size,description of measures for quality assurance anddescription of the statistical methods.

In addition to these statements, the guideline 3 (study plan) of the "Guidelines and recommendations for assuring good epidemiological practice" (GEP) \[[@R1]\] also contains further details which shall be covered by a detailed and binding study plan: *study type, study population, selection and recruiting process of study participants, definition and determination of primary variable, expositions respectively risk factors, potential confounder, data collection and concept of archiving, measures for assuring data protection and ethical principals* and a *timeline with definitions of responsibilities*.

Also the appropriateness of the chosen data base, e.g. in registries, should be discussed in the study plan.

Furthermore, the acquisition of serious adverse events (SAE) should be considered in addition to the normal acquisition of adverse drug reactions (ADR). This documentation is part of the due diligence and ensures also a better comparability of the data with the results of clinical trials. ADR/SAE and concomitant diseases should be coded (e.g. with MEDRA \[[@R13]\], \[[@R14]\]) as well as concomitant drugs. The required processes shall be described in detail in the study plan.

### 2.1.2 Quality plan

The quality plan describes which quality control and quality assurance activities concerning the NIS have to be conducted. Thereby all quality relevant tasks are defined, concrete quality objectives are described as well as responsibilities for single tasks are named. Beyond this, the resources which need to be at disposal are defined accordingly.

### 2.1.3 Design of case record forms (CRF, electronic-CRF)

Standardised case record forms ensure the completeness of the data collected, develop the comparability among the different studies and ease working processes. They need to be adjusted according to the target awareness respectively the study objective. The check of the CRF by e.g. tentative completion of CRF drafts by participating physicians -- patient report forms by the patients -- before conducting the NIS contribute to quality assurance of the content and design of the CRF and therefore lead to a better data quality. It is to be ensured that the nature of data collected can answer all questions of the NIS.

### 2.1.4 Ensuring the representativeness

In addition to clinical trials, NIS can provide results from routine medication. Therefore, applicable measures should make sure that the participating patients and physicians of the NIS as well as therapeutic processes result in representative picture of the "medical practice". An even regional distribution of physicians/sites shall be ensured. According to project, the allocation of physicians/sites shall consider other criteria as practice size, professional qualifications etc. For this purpose, internal and external surveys about practice prevalence in the indication are useful. If applicable, (stratified) random selection of physicians/sites is to be made. The amount of enrolled patients per physician/site should be limited to avoid that one big site or a few big sites dominate the results and therefore compromise the representativeness.

A measure to achieve the representativeness of the patients is the demand to the physician to include and to document consecutively the first patients in question in the NIS. An assessment of the representativeness can be done during the data analysis by comparing the investigated patient population with other studies and literature.

### 2.1.5 Training

All NIS participants like the data collecting staff (physicians, nurses, etc.), the data entry staff, the data manager, the biostatisticians, the medical personnel of the institute or the pharmaceutical company etc. are to be selected carefully and trained on the project specific aspects \[[@R8]\].

For the conduction of the required training and for knowledge tests, besides other forms of training, e-learning tools are proper; especially in case of a huge amount of employees and a decentralised organisation where the possibility for presence training and group training is not given. For the planning of a NIS, meetings are recommended with the participating data collecting staff and the study team and, if applicable, employees of the contracted Clinical Research Organisation (CRO). During these meetings objectives, study plan and case record forms of the NIS shall be discussed. If applicable, study accompanying meetings of the parties for a second training and for process optimisation are useful and necessary.

### 2.1.6 Advice from the Ethics Committee

An opinion from a federal state law established Ethics Committee is recommended \[[@R7]\], \[[@R8]\], \[[@R11]\].

According to the professional rules for physicians (§ 15 Research, Muster-Berufsordnung für Ärztinnen und Ärzte) \[[@R15]\] "*before conducting biomedical research in human beings -- excluding exclusively epidemiological research projects --, physicians must ask for opinion of a Ethics Committee build by a medical association or a medical faculty about the ethical and legal questions connected to the objectives.*"

With the implementation, several federal medical councils (Landesärztekammern (LÄK)), e.g. Hessen and Bavaria, have included the epidemiological research in § 15 in their individual professional rules.

LÄK Hessen \[[@R16]\]: "*The physician needs the opinion of a Ethics Committee built by a medical association or a medical faculty about the ethical and legal questions connected to his project before conducting biomedical research in human beings[and epidemiological research]{.ul}.*"

LÄK Bayern \[[@R17]\]: "*The physician needs the opinion of a Ethics Committee built by a medical association or a medical faculty about the ethical and legal questions connected to his project before conducting biomedical research in human beings[or epidemiological research with individual-related data]{.ul}.*"

In case of multicenter studies Ethics Committees often require a new consultation. In contrast the LÄK Berlin \[[@R18]\] disclaims a new consultation in case the opinion of an Ethics Committee established according to national law is available.

2.2 Ensuring the transparency
-----------------------------

It is recommended that \[[@R8]\]: "*with study start, information about planned NIS (study title, objectives, name of study manager, planned amount of study sites as well as aspired sample size) are published in a public accessible registry*" (e.g. online registry of VFA: <http://www.vfa.de/de/forschung/nisdb/> and/or international registry: <http://www.clinicaltrials.gov/>).

Furthermore, according to German Drug Law (§ 67 article 6), a general disclosure duty is demanded for pharmaceutical companies: "*The pharmaceutical employer should announce investigations which are designed to collect cognition in the practice of marketed or registered drugs, to the National Association of Statutory Health Insurance Physicians (kassenärztlichen Bundesvereinigungen), the national confederations of health insurance funds (Spitzenverband Bund der Krankenkassen) and the assigned higher federal authority (Bundesoberbehörde) immediately. Thereby site, time and objective (study plan) of the NIS are to be indicated and all physicians involved are to be named.*" \[[@R6]\]

The reward of the participating physicians has to be reported to the National Association of Statutory Health Insurance Physicians (kassenärztlichen Bundesvereinigungen), the national confederations of health insurance funds (Spitzenverband Bund der Krankenkassen) and the corresponding Ethics Committees. The amount of the reward should not stimulate the physician to prescribe or advocate the medical product under investigation. In general the medical fee schedule (GOÄ) will be used as indication for an adequate reward (e.g. 120 € per beginning hour \[[@R19]\]).

2.3 Measures for data collection and data entry
-----------------------------------------------

### 2.3.1 First check of completeness

After the receipt of the filled in CRF, a first check of completeness is done (e.g. signature of physician, check of adverse events).

### 2.3.2 Source data verification

The quality of the data collected can be checked by a comparison of the physician- and patient-documentation. This check can be done in form of a source data verification (SDV) of clinical results at the physician's practice. SDV is a comparison of the data between the CRF and the medical records and vice versa. Discrepancies can be resolved by queries to the physician (in case of an AWB this is recommended after the site has completed the study). Advisable are random checks (random sample "physician" and/or random sample "patient" and/or random sample "data"). Depending on the project, at x% of all physicians/sites (simple random sample or stratified random sample) the primary variable/the main objective parameters and the safety data are checked for all patients. The size of the random sample (x%) is project related and is orientated by the total amount of participating physicians/sites, the expected homogeneity respectively heterogeneity in relevant structure variables of the sites or the patients as well as the number of patients per physician. A survey of VFA companies revealed that between 2% (e.g. for a big amount of participating sites) and 5% (up to 10% if necessary) of the sites were chosen randomly (personal communication, \[[@R20]\]).

### 2.3.3 Verification and validation

Quality assuring measures shall be established during data entry. This can be done in form of a quality control by which the recorded data and the data in the CRF were compared (e.g. double data entry or single data entry with randomized check of the database with the data documented in the CRF).

The verification and validation of critical variables (e.g. adverse drug reactions) is done in agreement with the physician. Ambiguity through a lack of readability, incompleteness and implausibility can be solved by queries from the data management.

As a basis for the plausibility checks, standardised and/or project specific criteria are recommended (e.g. range checks or cross checks of variables). A data review meeting before data base lock, which involves all parties, to discuss the data and remaining existing implausibilities (with the consequence of a possible exclusion of data) is also recommended.

2.4 Measures during the analysis
--------------------------------

It is recommended to standardize the analysis of NIS through specification of standard tables and standard figures in order to promote the use of validated standard analysis programs and so to achieve time and cost savings and better comparability of the results amongst different studies. Templates allow the standardised analysis and presentation of results of the collected data. Before start of the analysis, it is highly recommended to develop a statistical analysis plan (SAP) including a description how to handle missing or implausible data (e.g. indicate imputation strategies). This strategy ensures the transparency and consistency of the analysis strategy. According guidance is provided by the guidelines for clinical trials as e.g. ICH Topic E9 "Statistical Principles for Clinical Trials" \[[@R21]\].

2.5 Measures during the creation of NIS reports
-----------------------------------------------

The final report which is developed after analyses shall fulfil quality requirements as traceability, transparency and objectivity. Traceability means that all activities and used methods within the scope of the study are presented quite clearly for the reader. Transparency means in this context that all study results are presented and no information is hidden. Objectivity is used to eliminate subjective influences on the interpretation of the results. In this regard, "Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Initiative" provides a set of quality assuring measures for developing reports in epidemiological studies \[[@R22]\].

An international group of epidemiologists, statisticians and publishers of medical journals has developed these recommendations for writing scientific papers in which the results of such observational studies are reported. All details to be noted were presented in a checklist with 22 points (<http://www.strobe-statement.org/index.php?id=checklists>). Amongst other this includes the presentation of the used study design, the predefined hypothesis, the complete description of statistical methods, the details of the data management activities and the discussion of possible sources for bias of the results. The format of the report is flexible and can be adapted to authors or journals needs. The STROBE statement can improve the quality and comparability of reports of epidemiological studies. It is expected that the quality of the report/publication in epidemiological studies is also improved as it was already the case after the publication of the CONSORT (Consolidated Standards of Reporting Trials), Statements for randomised clinical trials \[[@R23]\], \[[@R24]\].

Furthermore, at least a short report of the results of NIS shall be sent to the participants.

In the case that a publication is not possible, at least a summary of the results shall be published in a public registry (e.g. <http://www.clinicaltrialresults.org/>).

2.6 Measures for archiving NIS
------------------------------

After finalisation of a NIS, the report and all other documents shall be archived (e.g. according to an archiving SOP). This includes the electronic archiving of the data analysed. Within the recommendations of the BfArM from 1998, article 14 says: "*It is recommended that all documents for later access and analyses are to be archived for a minimum of 10 years*" \[[@R11]\].

3 Example
=========

A non-interventional, cross-sectional, multicenter study \[[@R25]\] was conducted to compare the direct diabetes-specific treatment costs of two basal insulins. Besides the creation of a scientific study plan, the following quality assurance measures were implemented:

feasibility assessment of the case record formspatient information and informed consent, verbal and in writingtelephone monitoring after inclusion of the first patientdouble data entryextensive review of the CRF and data checks for completeness and plausibility of the datasource data verification in 10% of the physicians

The quality of the data concerning completeness and plausibility was comparable with the quality of data from clinical trials. Only in rare cases data were excluded from analysis.

4 General quality assurance measures
====================================

The development of own standard operating procedures (SOP) describing the processes during planning, conduct, evaluation and reporting of a non-interventional study as well as a description of the accompanying quality measures to achieve a high quality of the data is highly recommended.

A regular training of all involved people regarding the legal conditions and the recommendations of the agencies and expert societies is also highly recommended.

In addition the quality and validation of the data management and data analysis systems has to be assured continuously.

5 Discussion
============

For all quality assuring measures the aspect of non-intervention should be discussed, but should be respected for AWB.

The objective of NIS is the presentation of an unaffected picture of daily medical practice. It is not always possible to make clear boundaries between "medical practice" and "intervention". For example, it is still unclear if the assignment of patient's questionnaires or patient's diaries already violate the character of non-intervention. The same applies to the written patient\'s information and informed consent forms but eventually also to the advice of the Ethics Committee. Surely, there are serious concerns about that quality assuring measures influence the behaviour of physicians, medical staff and patients. Therefore the quality assuring measures shall not have (any) influence on the behaviour of patients and physicians and so on the results of NIS.

6 Conclusion
============

In Germany, important steps for improving quality or adherence of high quality of non-interventional studies are the consideration of guidelines and recommendations for assuring good epidemiological practice (GEP) \[[@R10]\], the combined draft recommendations of the BfArM and PEI for planning, conducting and analysing "Anwendungsbeobachtungen" \[[@R7]\] as well as the VFA recommendations for improving the quality and transparency of non-interventional studies \[[@R5]\]. In this case, the organisations and pharmaceutical companies which conduct NIS should train their employees and all participants in NIS on a regular basis. The aspect of non-intervention should be respected when applying measures of quality assurance.

Notes
=====
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